A new technique for measuring the electrical conductivity of small samples and its application to the organic conductor tetrathiafulvalene-tetracyanoquinodimethane (TTF-TCNQ) is reported.
I. INTRODUCTION
The organic conductor tetrathiafulvalenetetracyanoquinodimethane (TTF-TCNQ) exhibits an anisotropy in its room-temperature b-axis -a-axis electrical conductivity of about 400:1. The large anisotropy in this and other molecular crystals" has motivated extensive experimental and theoretical investigations into the physics associated with the nearly one-dimensional properties of such compounds. Unfortunately, the small sizes of available single crystals and the large anisotropy often combine to produce frustrating experimental difficulties, particu- TTF-TCNQ reported by many laboratories (see summaries in Refs. 3 and 4) and the ensuing effort to resolve the controversy. ' " TTF-TCNQ is a monoclinic crystal" which usually grows in the form of nearly rectangular parallelpipeds 2 to 4 mm along the b axis, 0.2 to 0.4 mm along the a axis, and 0.02 to 0.04 mm along the reciprocallattice c' axis. A majority of laboratories, using conventional four-probe techniques, ' find a roomtemperature ot, (T,) of 300 -500 (Qcm) ' which increases to a maximum 10 to 30 times this value near 58 K, a temperature about 4 K above a metal-toinsulator transition. However, a group at the University of Pennsylvania, while measuring many samples consistent with other laboratories, find a fraction of their samples with exceptionally large conductivities:
o q( T, ) of 660 ( 0 cm) ' which rises by a factor of 100 to 150 near 58 K. '
There have been many attempts to explain the discrepancies on the basis of experimental difficulties. They fall into two classes. Explanations of the first maintain that variable sample purity or defect densities are responsible for the large scatter of peak conductivities and in particular prevent, in most groups, the realization of the largest conductivities as seen at Pennsylvania. ' " Explanations of the second class take the more common peak 0-b of 20 to 30 times crb(T, ) as intrinsic and suggest that the measurement of an extraordinarily large peak conductivity is a consequence of the low voltages which might be measured between voltage contacts as a result of the sensitivity, peculiar to anisotropic conductors (as explained in Sec. II A), of the voltage distribution to nonuniform current paths 6, 8, 9, ]4 The numerous investigations aimed at determining the extent to which the two explanations are operating have employed a variety of approaches, including power-law fits to determine residual resistivity, """ contactless microwave conductivity experi-4521 21 ments, ' ' and a point-contact four-probe method of Montgomery. 'a " A number of investigations (of which this work is one) have examined specifically the likelihood and possible consequences of inhomogeneous current paths.
6 "' Bickford and Kana- zawa, using a movable mechanical voltage probe, ' examined the potential distribution on samples mounted with a variety of silver-paint-contact configurations and found frequently occurring irregularities attributable to spatial variations of contact resistance within a given contact. That inhomogeneous contacts can be responsible for substantial inaccuracies was demonstrated by Schaefer eI ai. , ' ~w ho deliberately misaligned pointlike contacts and obtained unrealistically large values for the peak crab, although the temperature dependence of such artificially enhanced peaks differed qualitatively from extraordinary crb( T) curves. '3'4 We wished to study further the difficulties encountered in dc measurements of highly anisotropic conductivities in small samples. Irregularities in the potential distribution must be expected to affect any measurement which places fixed electrodes on a sample surface. Therefore, we have employed methods which use movable voltage sensors to map the potential distribution. Three types of experiments were carried out: electron-beam-conductivity measurements (EBCOM) of real crystals, conventional movable contact measurements of real crystals, and electrolytic-tank-simulation measurements.
We used the mechanical probe to confirm the EBCOM results as well as provide complementary data. The results from the movable beam and contact experiments were used as a guide for modeling inhomogeneous contacts in the electrolytic tank where conventional four-probe measurements of the electrolyte revealed the errors associated with the faulty contacts.
In the EBCOM technique, three leads are fixed to the sample with silver paint: one removes to ground the current injected into the sample by the electron beam of a scanning electron microscope (SEM) and the remaining two measure the Ohmicaliy produced voltage which appears between them. For the accelerating voltage employed in this work (2.5 kV), the beam is expected to thermalize within 0.3 p, m of the sample surface and can therefore be regarded as a movable surface current electrode. (The method can in principle be used to probe three dimensions by increasing the accelerating voltage and hence the penetration depth. ) By a well-known reciprocity theorem, ' the arrangement is identical to one in which the current passes between the two voltage contacts and the voltage is measured between the third contact and the beam position. The measurement is thus equivalent to the movable-contact method in which one uses a fine wire to sense the potential at various points on the surface of a sample through which current is flowing. The experimental details are given in Sec. III.
We applied both the EBCOM and movable-contact techniques (compared in Sec. II A) to a group of crystals which had been screened for smooth faces and minimal internal flaws and which were mounted with contact geometries appropriate for studying the current flow from the current electrodes in both the four-probe and Montgomery "point-contact" techniques. We find three characteristic anomalies in the potential distributions:
(i) those attributable to inhomogeneous contacts (Sec. IVB); (ii) those attributable to fine cracks (Sec. IV C); and (iii) those associated with a topological surface imperfection~here the electric field becomes anomalously small (Sec.
IV D).
To calculate conductivities, we applied quantitative methods outlined in Sec. IIC. These methods work even in the presence of large classes of current flow irregularities. We find average room-temperature values for our samples to be orb -490+80 and a, =1.21 +0.15 ( 0 cm) ' as discussed in Sec. IV E.
We extended the movable-contact and beam methods to low temperatures.
However, considering the difficulites involved, we could more effectively focus on the low-temperature consequences of irregular current flow by modeling imperfections in an isotropic equivalent realized with an electrolytic tank; the results are discussed in Sec. V. The simulation experiments showed that contact inhomogeneities can lead to large scatter in the measured peak conductivities, and in a few cases, to very large peaks with a temperature dependence resembling published extraordinary conductivity curves.
II. EXPERIMENTAL PRINCIPLES
A. Isotropic equivalent An anisotropic Ohmic crystal can be mapped onto a crystal of isotropic conductivity cr by means of a transformation of coordinates due to van der Pauw. "
In this work, the transformation is used to "stretch" equipotential patterns measured on TTF-TCNQ crystals into patterns appropriate for an isotropic conductor, where one can more effectively interpret the constant-potential curves; it also serves as the basis for the (isotropic) electrolytic tank simulations. At the same time, the transformation elucidates the sensitivity of anisotropic conductors to errors resulting from imperfect contacts.
For principal axes of the conductivity tensor parallel to the x,y, z axes of the sample, the transformation to the isotropic sample (primed coordinates) is
Here we have inserted a dimensionless factor P, which is used to scale the isotropic sample to the size of the electrolytic tank. The particular form for cr guarantees the equivalency of the isotropic and anisotropic samples in the sense that equal voltages appear at (x,y, z) and (x',y', z') for the same total current passing through both.
Applied to a room-temperature TTF-TCNQ sample with cr, =1.2 (Acm) ', crb=480 Vo(r) = -'7V(r) a -E(r) a
Thus, the voltage measured by the lock-in is proportional to the component of electric field along the modulation direction. In addition to the electric field, we wish to know the actual potential on the sample surface. In our experiments the potential is determined with an arrangement whereby the beam position r is slowly swept along a path s, and the modulation vector a is made parallel to the path. Under such circumstances, the potential along the path V(s) can be determined between contacts B and C. Thus the electron beam allows us to map out the potential on the sample surface which would result from current flowing between the two extreme contacts B and C.
In order to improve the signal-to-noise ratio and to avoid spurious signals caused by the thermoelectric voltages" "which are present from beam heating, the beam position is sinusoidally modulated at frequency f, and the resulting oscillating voltage detected with a lock-in amplifier tuned to,f. Fig. 2(a) . Current leads are attached to both ends of a sample so that the total current I must pass through an xz cross section perpendicular to the y axis. We specify the y component of the current density by J»(x,y, z), the y component of the electric field by E~(x,y, z) The second method is also depicted in Fig. 2(a) The standard waveform generators were switched out of the circuit so that the beam sweep could be externally controlled. The scan control voltage, produced by adding appropriate waveforms, together with associated synchronization pulses were presented to a digital raster generator, the output of which was applied to a rotate circuit. The rotate circuit was responsible for orienting the scans of the raster to be parallel to the desired direction on the crystal, which, once mounted on the cryogenic stage, could not be rotated about the beam axis. Finally, scan voltages were applied to the SEM scan coil drivers; overall current feedback assured that the magnetic deflection fields folioed the applied scan control voltages.
%'e refer to the circuitry responsible for detecting the voltage and current derivative signals as the voltage arm and current arm, respectively. The detection circuitry was routed with a switch box to the desired contacts on the sample. The voltage arm consists of a low-noise battery-operated preamplifier, a lock-in amplifier, and half of the signal-averager memory. The preamplifier utilized parallel input transistors to achieve a gain of 230 and a noise figure of 2 da for a 20-0 source resistance over a frequency range of 1 to 10 kHz. The preamplifier output was presented to the differential inputs of a Princeton Applied Research HR-8 lock-in amplifier which operated typically with a 1-msec time constant and a voltage gain of 5 x 10'. The voltage-arm lockin also supplied the scan circuitry and the current lock-in with a 10-kHz reference signal. ' The output of the lock-in was connected to the A channel of a Nicolet 1072 signal averager which stored the different scans of a given data set sequentially in onehalf of its memory.
In the current arm, a two stage current-to-voltage circuit converted specimen current to a voltage signal and provided separate outputs with sensitivities of 50 pV/nA and 2 mV/nA. The second stage signal was sent to the contrast amplifier for imaging the sample with the specimen current; the first stage was routed to the current lock-in operating with gain of 10 . The detected voltage, proportional to dl/dx, was finally presented to the 8 input of the signal averager, where it was multiplexed into the second half of the memory. The total averager memory of 1024 channels led to a resolution of about 1.3% of the s~ept sample dimension. Accumulated data were finally recorded on an xy recorder and read out on paper tape for computer processing.
B. Experimental methods
Single crystals of TTF-TCNQ were solution grown in distilled acetonitrile from starting materials which had been twice recrystallized and subsequently purified by two or threefold gradient sublimation. Crystals free from surface flaws (less than 1% of the yield) were chosen and mounted over copper sample holders in two kinds of contact configurations, which we hereafter refer to as the "extended" and "point" contact arrangements.
In the extended arrangement, two voltage measuring leads, which also serve to support the sample, run across the width of the bottom face at opposite ends of the sample as illustrated in Fig. 1 . A third electrode for current removal is attached with as small a contact as possible to an edge of the sample midway between the ends. By the reciprocity theorem, the extended configuration is appropriate for studying the potential distribution which would be produced by the current electrodes alone in a four-probe measurement of the b-axis conductivity.
In the second, point-contact, arrangement, the sample is supported by two electrically insulated wires and has three leads attached to three corners of the bottom face with as small a contact area as possible.
(In practice, the contact diameter was about 25% of the sample width. ) By switching among the leads, it is possible to investigate in the reciprocity equivalent, three different cases of current flow'. "transverse, " when current electrodes lie on the a axis; "longitudinal, " when on the b axis; "diagonal, " when on diagonally opposite corners. The diagonal arrangement is of particular interest because with it, the methods of Sec. IIC allow both o-b and a, to be measured; however, for crb in excess of 10 (0 cm), it turns out, for the sample thicknesses and specimen currents employed, that the longitudinal arrangement should be used to measure ob because of the better signalto-noise ratio.
The 0.001-in. gold leads were connected to the sample either with DuPont Corp. 7431 silver paint thinned with butylcellosolve, or with a conductive mixture of Duco Cement (DuPont) and silver powder (80:20 ratio by weight) thinned with butylcellosolve.
Data acquisition was obtained with 5 -10-nA specimen currents focused into a spot 6 to 8 p, m in diameter. Modulation, always applied parallel to the scan direction, had an amplitude adjusted to be 5% of the sample dimension parallel to which the beam was to be scanned.
The scanning was controlled by the raster-logic circuitry in the following manner. Beginning at (xp,y~), a position well removed from the sample, the beam was scanned with a linear ramp (0.1 -0.3 sec/scan) along x completely across the sample and off the opposite side. It was then returned to a position (xa,y2) and scanned again. Scanning continued through the final sweep beginning at (xp,y4) after which the entire process was repeated; in this manner data were acquired over a loose raster pattern on the sample.
Typically, 4000 repetitions taking about one hour constituted a given data set, but this number and time depended on the signal-to-noise ratio for the crystal under study (rms signal voltage to rms noise voltage was typically 1:9 before averaging). One to three additional data sets per sample were obtained by shifting the position of the whole raster. Samples with the extended-contact geometry were studied with scans parallel to the b axis, called longitudinal scans, while point-contact samples were swept across their width (along the a axis), called transverse scans.
The registry between the raster scans and the actual sample coordinates was recorded by double exposing on film the specimen current derived image of the sample and an image produced by the raster pattern itself.
Sample Fig. 5(c) .
On the right-hand side of the sample the equipotentials show that more current was injected in the upper half of the sample than the lower. This current spreads out and flows irregularly into the left contact. Some silver paint, which had flowed up over the top of the sample during mounting (in the upper-left-hand corner), appears to be acting as a current sink. Note that along any line where a fourprobe voltage electrode might be situated, the potential is not constant.
The spacing between equipotentials increases on the average in the left-hand half of the sample.
Although due in part to the plateau in potential and to some degree to a more uniform current distribution on the left, the rarefied spacing is primarily ac- ' where the uncertainty represents the standard deviation about the mean.
As we discuss in Sec. IV 0, however, the large conductivities associated with the potential plateaus are probably spurious; if we omit these regions, the mean conductivity becomes 460 + 52 ( A cm) '.
D. Mechanical-probe technique
In the usual movable-contact approach, " a mechanically positioned probe is used to sense the voltage on the surface of a sample through which current is flowing. We obtained identical information by applying the reciprocity theorem and maintaining the same )ead configuration as in the SEM; that is, we fed ac current to the sample through the mechanical probe itself and used one of the three leads fixed to the sample for current removal and the other two for voltage measurement. The reciprocity theorem was verified by comparing, on one sample, data obtained with both the conventional and our arrangement; the potential distributions coincided to within our spatial resolution and crab agreed to within 1.5'/o. Samples were mounted on the same cryogenic stage used for the SEM measurements; a vacuum chamber mated with the stage so that measurements could be extended to low temperatures. The chamber was equipped with a window through which the sample could be observed with a reticle outfitted microscope. The probe consisted of a 0.001-in. gold wire 5 mm long attached to an arm which could be positioned through a bellows with a micromanipulator situated outside the vacuum chamber. The tip of the wire which was to contact the sample was flattened, cut with a razor blade to the shape of a fine edge, and coated with mercury to decrease contact resistance. The coordinates of the probe could be determined to about +15 p, m. Current at 400 Hz was developed by up to 100 V supplying a 10-M 0 series resistor. The current and voltage were detected simultaneously with two lock-in amplifiers.
The mechanical-probe method, unlike our application of EBCOM, was relatively free from problems associated with signal-to-noise ratio because it enjoyed three to four orders of magnitude more specimen current. Because our method is an ac technique, dc th8rmopower potentials arising from temperature gradients present no problem (ac temperature gradients generated by Joule heating in the probe-sample contact resistance occur at twice the reference frequency and escape detection).
Although the probe-sample contact resistance was typically less than 10 kO, it could become comparable to the 10-MQ impedance of the current source and thus decrease the current. Because both the voltage and current were measured, such current variations could be accounted for. Nonetheless 
B. Contact inhomogeneities
We have found that nonuniform contact resistance is the most common source of two-dimensional current-flow irregularity. Such nonidealities are in greatest evidence for the extended contacts, in which nonuniformities can cause irregular potential distributions to extend over the entire length of sample. For example, the equipotential pattern for sample 1 (Fig. (a) O.5mm (b) =b 5) shows that current was injected and removed nonuniformly along each electrode length. It must be stressed that under microscopic examination the contacts appeared quite uniform: the silver paint had flowed freely and smoothly from the lead onto the sample.
An explicit demonstration of the nonuniform contact resistance responsible for irregular current injection is provided by the potential distribution for the point-contact sample 8. Figure 8 shows the equipotentials obtained with the mechanical contact for a longitudinal-contact configuration. Electrolytic tank data show that directly above the contacts the equipotential pattern should nearly mirror the contact shape, certainly not the case here. In particular, the potential distribution above the upper-right-hand contact shows that nearly all of the current was injected into the sample from the center of the contact area. When viewed along an edge, TTF-TCNQ crystals exhibit a laminar structure, with individual laminae lying parallel to the ab faces. Because the crystals cleave along these (001) planes, it might be expected that separation of the laminae may occur. In fact, indirect evidence for this has been reported. ' In contrast to the large distortion described above for current flowing between longitudinally placed contacts, the potential distribution for diagona current flow (Fig. 7) (12) gives roomtemperature values of 2400 and 1100 (0 cm) ' for sample 2, 1300 (0 cm) ' for sample 3, and 945 and 563 (Ocm) ' for sample 1. A lower limit on crab of about 2500 (0 cm) ' is found for sample 4. Moreover, calculating the conductivity of sample 2 with the method of placing cross sections on either side of the plateau [Eq. (14) [, applied to mechanical-probe data (where modulation broadening plays no role) gives belo~average values for crab, whereas an above average value should be calculated if the plateau represented a region of high a-b.
It is more likely that those segments over which plateaus were observed are to some extent electrically isolated from the bulk of the sample. %e have already noted the laminar structure of the samples and the sensitivity the potential distribution exhibits to separation of lamina when current is flowing primarily along the b axis. A physical separation explains qualitatively, but in a natural way, the details of the potential distribution'in sample 4 [Figs. 12(a) and 12(b)]. If the segments were separated from the bulk and if the junctions between the segments and the adjacent surface lamina on either side were resistive, then the current density, and thus the electric field, in the segment would be reduced from that in the bulk. If, in addition, the junctions were inhomogeneously resistive, current would be expected to change course in the segment (as it does in Fig. 12) as it flowed between low-resistance points in each junction.
Attributing the plateaus to electrical discontinuities in the surface lamina is a plausible but speculative assertion in the absence of more complete experiments. Additional EBCOM experiments might include (i) improved-resolution scans (decreased modulation amplitude), in order to determine the behavior of the electric field on either side of the segments; (ii) measurements taken on both sides of the sample to search for correlations which would suggest a bulk origin to the plateau (the segments on the top and bottom surfaces appear uncorrelated); (iii) measurements taken with increased beam energies, and thereby increased penetration depths, which would allow one to probe the potential distribution within the bulk. For the 2.5-kV accelerating voltage used in our experiments it is expected, on the basis of the Bethe energy-range relation ' and extrapolations of empirical data, '~' that less than 4% of the beam penetrates beyond 0.3 p.m. Additional experiments could, of course, be undertaken with the mechanical probe. Potential plateaus are more easily discovered with EBCOM, however, because it is a derivative technique and as such is sensitive to changes in slope of the potential, and because it obtains data continuously over a scan. The mechanical-probe technique also suffers because the pressure of the probe, though slight, might press separated laminae together during the actual measurements.
E. Conductivity measurements
The methods derived in Sec. II C for computing the conductivity were applied to obtain, to a precision of approximately +15%, o. b at room temperature for all ten samples, and o-, (better than +5%) for the five point-contact samples; the results are summarized in Table I . Table II contains the results obtained at low temperatures. Table I serves to establish the range of conductivities measured for our group of samples, to indicate the kind of precision obtainable, and to compare quantitatively the EBCOM and mechanical contact experiments. Since the potential plateaus found in samples 1 through 4 are a likely consequence of sarnple imperfections, crab for these samples was computed after omitting the data from the plateau region. The uncertainties for o. b listed in Table I represent standard deviations about the mean of a number of computations carried out for different cross sections and for the most part reflect the noise-limited 10% -15% precision of the experiments. In the point-contact arrangements suitable for computing cr, the electric field parallel to the a axis was nearly constant over most of the sample; consequently, cr, was determined from the electric field in the center of the sample. The uncertainties given for o. , indicate the maximum variation one would obtain if a representative electric field were chosen at some point other than the center, but still on a line bisecting the sample width.
An average of the b-axis conductivities, excluding sample 10, gives a ot, of 490 (D cm) ', somewhat higher than the mean conductivities reported by most groups. The spread in the conductivities ranges between 400 and 630 (0 cm) ', with seven of the nine samples falling between 400 and 500 ( ft cm) '. Because the spread in crb of our sample set is greater than the uncertainty in our measurements, we believe that at room temperature there are real differences in a-b from sample to sample. However, our spread is smaller (as was that of Bickford and Kanazawa) than that reported by most groups who use fixed contact techniques and it is important to state the possible factors which might account for the tighter range. The samples were carefully screened and so represent the most flawless crystals ( -I'Yo from any given batch); nonetheless, the sample set itself (nine crystals) is smaller than many reported, so that rare crystals in the wings of the ab statistical distribution are less likely to have been measured. (1) 1.15 (1) We must refrain from drawing the conclusion that contact imperfections solely are contributing to the spread seen by most groups: our electrolytic tank experiments (carried out with voltage electrodes of zero extent along the b axis) indicate that contact inhornogeneities of moderate proportions will not much affect four-probe measurements of ot, ( T, ) as long as the samples have a large I/w (greater than 10) and the electrodes are not too near one another.
V. SIMULATION EXPERIMENTS A. Experimental
To determine the effect of contact inhomogeneities on conventional four-probe measurements of crb at low temperatures, we performed a series of experiments with imperfectly shaped electrodes in an electrolytic tank which represented the van der Pauw isotropic equivalent of an anisotropic sample. Three important results have come from our measurements: (a) assuming that the intrinsic peak orb is 21 times the room-temperature value, we have found spurious orb( T) curves which mimic rather closely reported where cr, and crab are, respectively, the intrinsic electrolyte and sample conductivities, and superscript m denotes values measured with the imperfect contacts.
To determine how a particular contact configuration affects the measured temperature dependence of orb, the dimensions of the tank must be altered in accordance with the temperature dependence of the conductivity anisotropy; from Eq. (T) , and finally crab( T). Our analysis was performed assuming the temperature dependence of the anisotropy to be that of Fig. 4(a) in Ref. 10 and orb( T) to be the curve in Fig. 6 of the same reference with a peak normalized value of 21, redrawn in our Fig. 13 .
The electrolytic tank, drawn schematically in Fig.   13 Fig. 13 , along with two curves taken from Fig. 6 of Ref. 10, one exhibiting a large and the second a common peak conductivity. The crb curves demonstrate that, unlike those curves of apparent conductivity generated both experimentally ' and theoretically" with four contacts, the temperature dependence of~b ( T) obtained from our more realistic tank electrodes closely resemble published data for both above-and belowaverage peaks.
The error factor at /cr, exhibited functional depen- dependence, the temperature of the peak in a-b is altered slightly but systematically.
For example, the o P( T) curves in Fig. 13 peaked at 56 K for the enhanced and at 61 K for the depressed, while the assumed intrinsic conductivity peaked at 58 K. Unfortunately, because in our model the temperature T» at the peak depends sensitively on the assumed oq( T) and a&(T)/rr, (T), and because differences in the intrinsic properties are expected, the shift of T» (downward for enhanced conductivities) cannot be regarded as diagnostic of contact problems; the size of the spread in T», however, is consistent with reported variations ' between 56 and 65 K. A number of similarities among the three sets of statistics bear mentioning: all three distributions exhibit a significant spread near a peak normalized conductivity of 20. All three probability distributions exhibit an extended tail on the high-peak side which quickly becomes very small for large peak conductivities.
The similarity between the probability distributions obtained with the simulation experiments and with real samples suggest that inhomogeneous current paths could be playing an important role, perhaps as important as intrinsic sample differences, in the distribution of peak conductivities measured by many groups: more-concrete conclusions would be premature at this point, especially in light of the probabilistic basis of any conjecture, and because of the experimental qualifications which we briefly reiterate. The inhomogeneous contacts used in the electrolyte tank are less homogeneous than usually found (evidenced by the negative conductivity mentioned above) and have zero extent along the sample length. Further, variations in the intrinsic properties oh( T)/a, ( T).
have not been folded into our analysis. Finally, sample imperfections have not been included in the simulation experiments. Imperfections are expected to play a role because, first, cracks have been demonstrated in our movable sensor data to be important in some cases, and second, because temperature cycling has been shown to cause spurious enhanced peaks and eventually to reduce significantly the peak conductivity.
The above qualifications do not substantially affect a number of important results. Most importantly, unusually large or small peaks in ob(T) curves resembling those reported may be a consequence of inhomogeneous current paths. In addition, for a given sample, the smaller I'/w' is for the isotropic equivalent at T», the more extreme will be the overestimate or underestimate of the peak-normalized conductivity crP(T~)/or, ( T, ) Samples with pointlike contacts and with extended contacts were examined. In nearly all cases, evidence for contact inhomogeneity was found, but the effects of the inhomogeneities on the expected potential distribution were small for the point-contact configurations. Some samples appearing above average in morphology were found to exhibit irregularities in the potential distribution correlated to sample imperfections observed in detailed optical and scanning electron micrographs. In particular, potential irregularities consistent with hypothesized separation of sample lamina were found to be widespread and were correlated to the occurrence of a previously unreported segmented surface structure. The nature of the potential distribution associated with this surface structure is such that both over and underestimates of conductivity are possible with four-probe measurements.
Despite irregularities in the potential distribution, The results showed that sample flaws in TTF-TCNQ were more disruptive at low temperature (above the metal-insulator transition) than at room temperature. The conductivities determined at '77 K were consistent with average conductivities reported in the literature.
The quantitative errors which contact inhomogeneities effect in conventional four-probe measurements were studied in an electrolytic tank. The results showed that there exists a small probability of measuring conductivities with enhanced peaks, the temperature dependence of which resembles published data. The appearance at low temperatures of a second peak in the measured b-axis conductivity as a test of spurious peaks was found to be less adequate in some cases than a lead switching test,
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